Various types of macrocyclic compounds containing mixed donors of nitrogen and oxygen have been prepared and investigated. [1] [2] [3] [4] [5] [6] [7] [8] [9] Much of this activity has been associated with the synthesis of macrocyclic ligands that exhibit high selectivity for specific metal ions. In most cases, the preparation of mixed donor macrocyclic compounds requires several steps and/or results in low yield.
Metal directed condensation reactions involving coordinated polyamines and formaldehyde have been utilized for the preparation of various types of saturated polyaza macrocyclic compounds that could not be prepared by other methods. [9] [10] [11] [12] [13] [14] [15] [16] For example, the nickel(II) and copper(II) complexes of L 4 and L 5 containing N-CH2-N linkages have been prepared by the one-pot reactions of Eqs. (1) and (2) . 14, 15 Some macrocyclic compounds containing N-CH2-O linkages have been also prepared by metal-directed condensations involving amines, formaldehyde, and/or alcohols. 9, 16, 17 The preparation of [CuL 6 ] 2+ containing both N-CH2-N and N-CH2-O linkages in the macrotricyclic skeleton was reported for the first time by Lawrance et al., who prepared the complex from the reaction (Eq. (3)) of formaldehyde with a tetraamine and ethanolamine. 9 It has been revealed that the coordination geometry of [ 
Experimental Section
Measurements. Infrared spectra were recorded with a Shimadzu IR-440 spectrophotometer, electronic absorption spectra with a Analytikjena Specord 200 UV/Vis spectrophotometer, and conductance measurements with a Metrohm Herisau Conductometer E518. FAB-mass spectra and elemental analyses were performed at the Korea Basic Science Institute, Daegu, Korea. Cyclic voltammograms were recorded using a BAS-100 B/W auto cyclic volt/ ampere meter. The working and counter electrodes were platinum, and the reference electrode was saturated calomel electrode (SCE). The electrochemical measurements were conducted in 0.1 M (n-Bu) 4 A methanol solution (ca. 30 mL) of CuCl2·4H2O (2.6 g, 15 mmol), diethylenetriamine (1.6 mL, 15 mmol), 2-(3-aminopropylamino)ethanol (1.8 mL, 15 mmol), and 35% formaldehyde (9.0 mL) was stirred for > 48 h at room temperature. An excess NaClO4 was added to the solution, and a sky-blue solid was precipitated. The crude product was dissolved in minimum volume of hot acetonitrile. Addition of excess NaClO 4 dissolved in methanol (ca. 30 mL) to the solution produced the sky-blue solid. The product was filtered, washed with methanol, and dried in air. Yield: > 70%. Anal. 3 are shown in Scheme 1, which is corresponding to those reported for other related macrocyclic complexes. [13] [14] [15] The complex I initially reacts with formaldehyde to yield II. The -N=CH2 groups of II react with neighboring primary amino or hydroxyalkyl groups to form III. The -NH-CH2-NH-and -HN-CH2-O-linkages of III react with additional formaldehyde to produce IV containing iminium groups. The reaction of each iminium group with neighboring secondary amino group yields the complexes (V) containing 1,3-diazacyclohexane and/or 1,3-diazacyclopentane rings.
As described in the Experimental Section, the copper(II) complexes of L The electronic absorption spectra ( . The five coordinate complexes can exist as various structures such as a regular square-pyramid, a regular trigonal bipyramid, a distorted square-pyramid, and a trigonal bipyramid. 20 In many cases, the energy differences between these structures are small, and the structural conversion occurs easily. [18] [19] [20] [21] It has been also observed that regular and distorted square-pyramidal copper(II) complexes exhibit a d-d transition band in the region 550-670 nm, whereas trigonal bipyramidal ones show a maximum absorption at > 670 nm. 18, 19, [21] [22] [23] Unfortunately, we could not obtain single crystals of the copper(II) complexes suitable for X-ray work, and their crystal structures have not been investigated. However, the longer wavelengths and the larger molar absorption coefficients for [CuL (Table  2) 
